Anxiety and claustrophobic reactions in MRI examinations cause unintentional movements, and such motion artifacts lead to interpretation problems. Furthermore, requested anesthesia makes the process costly. A total of 60 outpatients were examined in the Diagnostic Centre of Pécs, Hungary, to test whether synchronizing recorded music to the gradient pulsation of the MRI device can improve the sedative effect of the music. The patients were assigned to three groups: a nonmusic (control), an original tempo (random) and a synchronized music (synchronous) group. Results showed a significantly decreased state anxiety level after the MRI examination in the random and synchronous groups as compared with the control group. However, there was no difference in the effectiveness of either music conditions regarding state anxiety level after the examination. Participants in the music groups found the examination significantly more pleasant compared with the control group. In conclusion, the present study provides support for the notion that listening to music during an MRI examination significantly reduces patient anxiety, whereas noise attenuating devices do not provide the same effect.
The past two decades have seen a growing interest in the topic of claustrophobia and anxiety during MRI scans. There are many reasons for the appearance of these claustrophobic reactions such as the fear of closeness and diagnosis' result, the loss of control, the requirement to stay still, and the loudness of the equipment (Dantendorfer et al., 1997; Quirk, Letendre, Ciottone, & Lingley, 1989) . The gradient pulsation (a radio frequency current that is turned off and on) causes a knocking sound in the gradient coils of the MR scanner, and it is the main source of the acoustic noise. Price, De Wilde, Papadaki, Curran, and Kitney (2001) found that the noise level increases with higher magnetic flux density (measured in units of tesla): 82.5 dBA was measured on the 0.23 T system, whereas 118.4 dBA was measured on the 3 T system. A stronger magnetic field is required for better image quality; therefore, the demand for hearing related interventions is expected to increase in the future.
Emotions are not just feelings, and they are accompanied by physiological and behavioral changes (Steimer, 2002) ; for example, respiratory patterns reflect emotional responses. As Barlow (2002) (p. 3) stated, anxiety and panic "represent the organism's alarm reaction to potentially life-threatening emergencies," with physical symptoms such as the activation of the cardiovascular system, trembling, rapid breath, and fainting. Cabanac (1979, p. 9) introduces the term alliesthesia ("changed sensation"), which is the ability of a stimulus to cause either pleasure or displeasure depending on the subject's internal state. In the case of an MRI examination, music can become a reward helping the patient to distract attention from the anxiety-evoking circumstances. As Cabanac (1979, p. 1) noted, "pleasure is a sign of a stimulus useful to the subject."
The development of music psychology has increased knowledge about the effect of different musical features on our emotions and body. Chen, Wang, Shih, and Wu (2013, p. 437 ) used a "slowpaced, soft, melodic music at low volume" with consistent 60 -80 BPM tempo and consistent dynamics to relax oncology patients before radiation treatment. Tempo, rhythm, and dynamics are key aspects to consider for relaxation purposes. There is a positive correlation between the complexity of the rhythm and blood pressure, and respiration tends to synchronize to the musical rhythms (Gomez & Danuser, 2004) . Furthermore, in terms of the physiological reactions to music, tempo has a greater effect than individual music preference or music styles (Bernardi, Porta, & Sleight, 2006) . Bernardi and his colleagues found that music, and specifically tempo, induces a cardiovascular and respiratory effect (ventilation, heart rate, and blood pressure increased with faster tempi) by increasing the arousal level. This effect might be caused by respiratory entrainment. Tempo also seems to be a greater determinant of "happy-sad" judgments than mode (major mode and fast tempo convey happiness; Gagnon & Peretz, 2003) . Staum and Brotons (2000) have measured the effect of music amplitude on relaxation responses both on a physical (heart rate) and psychological level. They used three different volume levels (soft: 60 -70 dBA, medium: 70 -80 dBA, and loud: 80 -90 dBA), and the participants significantly preferred the softer music for relaxation purposes. However, males and nonmusic major students preferred louder music more than females and music major students. The heart rate was not influenced by the changes in the amplitude level; furthermore, subjective reports indicated the musical selection itself determined the relaxation responses more than the amplitude level. In conclusion, these findings confirm why the acoustic noise of the MRI scanner is anxiety evoking: it is loud (80 -118 dBA), forcefully rhythmic, and dynamic.
Music has been widely used during diagnostic procedures and in hospital settings. Jaw relaxation, music, and their combination significantly reduced pain after intestinal surgery (Good, Anderson, Ahn, Cong, & Stanton-Hicks, 2005) , whereas in the study of Chen et al. (2013) , music-receiving oncology patients had significantly lower state and trait anxiety levels, and systolic pressure compared with the control (resting) group. Walworth (2010) compared the effects of live music therapy (MT) to the effects of preferred recorded music on patients undergoing MRI. The music therapist could listen to the rhythmic pattern of the gradient switching and match the songs she played live with the specific tempo of the scanner's noise. The participant's anxiety level was measured with the Visual Analogue Scale (VAS). Patients with MT intervention had less repeated scans because of movement, compared with the recorded music group (26% vs. 73%), less requested breaks (2% vs. 17.6%), and shorter examination length for the same type of scan. The freestyle narrative comments also support that MT made the MRI experience more enjoyable than recorded music with unmodified tempo. Instead of trying to distract the attention from the noise, Ma et al. (2016) converted a classical music piece to the encoding gradients, while quantifying T1, T2, and proton density maps. The method (magnetic resonance fingerprinting-music or MRF-music) improved the comfort of the patient, although the gradient switching combined with the music was louder than the conventional acquisitions.
Rhythmic auditory cues can entrain body movements and evoke entrainment responses even in an injured brain. The effect of asynchronous (background) and synchronous music (where the temporal aspects of music are used as a movement regulator) on sport performance and in rehabilitation are widely researched (Karageorghis et al., 2009; Terry & Karageorghis, 2006; Thaut, McIntosh, & Hoemberg, 2015) . The auditory system is designed for fast recognition of any temporal rhythm cue (Thaut, Kenyon, Schauer, & McIntosh, 1999) , and synchronous music was found to improve performance and mood, and reduce metabolic costs more effectively than asynchronous music (Hayakawa, Takada, Miki, & Tanaka, 2000; Karageorghis, Terry, & Lane, 1999) . On the other hand, noise contributes to sleep disturbance and hypertension. Furthermore, hypersensitivity to noise is associated with anxiety and depression (Beutel et al., 2016) .
Following these notions, the present study aimed to mask the MRI scanner's ambient noise by synchronous music playing and tested two hypotheses:
Hypothesis 1: Music has better relaxation ability during MRI examination than noise-attenuating devices (headphone/ earplugs) alone.
Hypothesis 2: Music with tempo synchronized to the MRI pulsation has better relaxation ability during MRI examination than music in its original tempo.
Method Participants
The participants were cooperative adults undergoing MRI scans between January and March of 2016 at the Diagnostic Center of Pécs. The Regional and Institutional Research Ethical Committee of the Clinical Center of the University of Pécs provided the ethical permission for the experiment. Parts of the body examined in the experiment: skull, spine, joints (hip, knee, ankle, and shoulder), lungs, shin, and shank. Out of N ϭ 60 patients, 33 were female. Participants ranged in age from 18 to 82 years, with a mean of 47.18 years (SD ϭ 14.61), and 37.3% of the patients had no previous experience with MRI.
Design and Stimuli
The patients were assigned to three groups (20 patients in each), one control and two music groups. A total of two MRI units (1.5 T and 3T) were involved in the experiment, and the music facilities were established in the 3 T unit. The control group only received headphones or earplugs without music (10 patients with headphones, one with earplugs, and nine patients were either assigned to the 1.5 T MRI unit, where it was not possible to give or the patient refused to use any noise attenuating devices). The reason for giving earplugs to one patient was the type of the scan (cervical spine), where the headphone was not applicable. An MRIcompatible electrostatic headphone specifically designed for fMRI (Nordic AudioSystem, NordicNeuroLab, Bergen, Norway) was used in all groups. The random group listened to a playlist in its original tempo, whereas in the synchronous group, the tempo of the songs were manually modified to the tempo of the gradient pulsation with MAX7. Max is a visual programming language for electronic art and music (https://cycling74.com/max7), and it was used to stretch the time of the audio files without changing the pitch. It should be noted that there was an attempt to use the so-called Beat Seeker device (Ableton, Berlin, Germany), which was developed to automatically modulate the tempo of a given song to an outer sound source, but it failed to recognize the MRI noises. The aim with the tempo modification was to create a seemingly, aesthetically synchronous state. With a microphone at the ventilation channel of the MRI room, the rhythmic pattern of This document is copyrighted by the American Psychological Association or one of its allied publishers.
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the noise was precisely audible in the control room, where the tempo was adjusted manually. Every time the MRI pulsation rate changed, it took 10 -20 s to adjust the songs' tempi, so the change was gradual and not sudden. Within one scan, approximately six to nine tempo changes were applied. A similar design was implemented in the study of Walworth (2010), who compared the effects of live music therapy to preferred recorded music on patients undergoing MRI. The selection criteria for the songs were that they should have an easily recognizable tempo with diverse genres, with and without lyrics. Table 1 shows the details of the songs. Because the focus of this study was to measure the effects of tempo synchronization, the same songs were provided to both music groups without the possibility to choose their preferred music.
Questionnaires
To compare the patients' anxiety level, State-Trait Anxiety Inventory (STAI) were completed before the examination, whereas STAI-State anxiety level, Claustrophobia Questionnaire (CLQ), open-ended questions, VAS, and demographic questions (gender, age, educational background, and the number of previous MRI examinations) were recorded after the examination. The examination's duration, examined body part, position, and weight were also registered.
The STAI includes two 20-item measures that evaluate the patients' anxiety level: The STAI-State (e.g., "I feel calm") measures the current anxiety level "right now, at this moment," whereas the STAI-Trait (e.g., "I feel like a failure") estimates the general anxiety level (Spielberger, 1983) . Participants are asked to rate themselves on each item using a 4-point Likert scale (1 ϭ not at all, 4 ϭ very much so in the STAI-State and 1 ϭ almost never, 4 ϭ almost always in the STAI-Trait). Individual scores are created by summing the scores for direct-and reverse-worded items. Scores range from 20 to 80, in which higher scores correspond to higher anxiety level. The Hungarian version was developed by Sipos and Sipos (1983) .
The CLQ was designed to measure two different fear components of claustrophobia: the fear of suffocation (e.g., "Swimming while wearing a nose plug") and restriction (e.g., "Having your legs tied to an immovable chair"). It includes 26 items (14 items of suffocation and 12 items of restriction), and respondents are asked to rate the items from 0 to 4 according to their anxiety level in the situations (0 ϭ Not at all anxious, 4 ϭ Extremely anxious; Radomsky et al., 2006; Radomsky, Rachman, Thordarson, McIsaac, & Teachman, 2001) . The overall scores range from 0 (no anxiety about claustrophobic situations) to 104 (maximal anxiety). Booth and Bell's (2013) results suggest that the CLQ can be an efficient tool for screening patients who might not be able to finish the MRI procedure due to claustrophobic reactions.
The VAS asks respondents to mark a 10-cm line to freely express their feelings about a certain stimulus (Wewers & Lowe, 1990) . In this study, the VAS was used to measure the overall experience of the MRI examination. The following question was asked: How was the overall experience of the MRI examination? The two endpoints of the scale were very unpleasant and very pleasant. A higher score would correspond to a more pleasurable overall experience of the participant.
Furthermore, for investigating how hearing-protection devices and music influence the MRI experience, open-ended questions were asked and subsequently analyzed using thematic analysis. Thematic analysis is an essential and flexible method in qualitative research. Led by the research question, thematic analysis identifies and reports patterned meanings (themes) from the data through a six-phase process (Braun & Clarke, 2006) . To measure the effects of the music directly, patients were asked in Hungarian to answer the following questions: "How difficult was it for you to stay motionless in a narrow space?" "How did the music influence the experience of the examination?" "How satisfied are you with the genres of the music? What would you prefer to listen to?" and "How did the music change your environment?" With the nonmusic group, the following questions were asked: "How difficult was it for you to stay motionless in a narrow space?" and "How did the headphone/earplugs influence the experience of the examination?"
Results
The main analysis consists of a two-way mixed ANOVA to compare the pre-and postassessment STAI-State anxiety scores in the different groups. Kruskal-Wallis H tests were used to compare This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the STAI-Trait anxiety, CLQ, and VAS scores between groups.
The effect of gender is tested with Mann-Whitney U tests.
STAI-State Anxiety Scores
A two-way mixed ANOVA was conducted to investigate the impact of conditions (control, random, and synchronous) and time (pre-and postassessment) on the STAI-State anxiety level. There was a significant interaction between the conditions and time, F(2, 57) ϭ 5.71, p ϭ .006, and a significant main effect for time, F(1, 57) ϭ 15.27, p Ͻ .001. Figure 1 shows the interaction between time and conditions (groups). Simple main effect analysis showed that the state anxiety level was significantly lower at the postassessment point in the random group, F(1, 57) ϭ 8.56, p ϭ .005, and in the synchronous group, F(1, 57) ϭ 17.96, p Ͻ .001. However, state anxiety level was not statistically different in the control group between the pre-and postassessment points, F(1, 57) ϭ 0.16, p ϭ .69. The effect of time was significantly different between the conditions, with higher preassessment anxiety levels and lower postassessment anxiety levels for participants among the music groups (random and synchronous) compared with the control group. The synchronous group had the highest STAI-State anxiety level before the examination but the lowest level at the end of the examination, and therefore the biggest reduction after the scanning.
There was no significant main effect of conditions, F(2, 57) ϭ 0.48, p ϭ .62. State anxiety level was not significantly different at the preassessment point, F(2, 57) ϭ 2.48, p ϭ .09, and at the postassessment point, F(2, 57) ϭ 0.35, p ϭ .71 between groups.
STAI-Trait Anxiety, CLQ, and VAS Scores
Median STAI-Trait anxiety scores, 2 (2, N ϭ 60) ϭ 0.411, p ϭ .814, and median CLQ scores, 2 (2, N ϭ 55) ϭ 0.638, p ϭ .727, were not statistically significantly different between groups.
A Kruskal-Wallis H test was conducted to evaluate the differences among the three conditions (control, random, and synchronous) on median VAS scores (overall experience of the examination). The test, which was corrected for tied ranks, was significant, 2 (2, N ϭ 59) ϭ 12.13, p ϭ .002. Follow-up tests were conducted to evaluate pair-wise differences among the three groups, controlling for Type I error across tests by using the Bonferroni approach. This post hoc analysis revealed statistically significant differences in the VAS scores between the control (Mdn ϭ 54.41) and random (Mdn ϭ 83.82, p ϭ .009), and control and synchronous (Mdn ϭ 89.71, p ϭ .001) groups but not between the random and synchronous groups. That is, both of the music groups had significantly more pleasant experience about the MRI examination than the control group. Table 2 shows the medians for VAS, STAI-Trait, and CLQ scores between conditions.
Gender Differences
A Mann-Whitney U test was run to determine if there were differences in pre-and postassessment STAI-State anxiety, STAITrait anxiety, CLQ, and VAS scores between males and females.
Median preassessment STAI-State anxiety score was statistically significantly higher in females (Mdn ϭ 36.00) than in males (Mdn ϭ 30.00), U ϭ 301.50, z ϭ Ϫ2.14, p ϭ .032. At the postassessment point the state anxiety scores were not statistically different between males and females, U ϭ 373.50, z ϭ Ϫ1.07, p ϭ .28.
There was no statistically significant difference between females and males in any of the other examined measurements, but female patients had higher postassessment STAI-State anxiety, STAI-Trait anxiety, and CLQ scores, furthermore, females found the examination less pleasant than males. Table 3 shows the median scores of the aforementioned measurements between female and male participants.
Open-Ended Questions
The open-ended questions were aimed at providing a rich, thematic description of the entire data set. The quotes were translated from Hungarian. The brackets show the identification number of the participant, "S" means synchronous, "R" means random, and "C" means control group.
The first theme that emerged was titled Positive Change: Masking, meaning that the intervention changed the participants' environment in a positive way, made it less noisy, and caused satisfaction. The majority of the participants mentioned the noise cancellation, masking effect of the headphones and music, and how the intervention helped them to go through the procedure.
It was more pleasant than without music. The noise didn't sound that much. (2-S) It was friendlier, more tolerable; it was more cheerful (with music). The participants also used music as a distraction from the uncomfortable circumstances. Being out of space and time are returning themes in the narrative. With music, time goes faster, patients find This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
themselves in a timeless, infinite space, and often, they forget where they are. Music made the patients calmer and less frustrated or anxious; in many cases they were even close to falling asleep. The participants in the following quotes are talking about the relaxing effect of music. In terms of the musical selection, the diversity of the genres caused satisfaction, but there is a desire to choose or listen to familiar music. Some of the examples of preferred musical genres are more/less classical music, 90s songs, more vocal, gypsy, rock, dance music, nature sounds, and radio shows.
I was absolutely satisfied with the genres of the music. I wouldn't listen to anything else, because it was appropriate. In conclusion, positive change (masking effect), distraction, relaxation, the need of diversity, and the desire for future music interventions were the main themes related to music and noise cancellation devices.
Discussion
The present study tested the hypotheses that (1) during an MRI examination, music listening has better relaxation ability than headphones/earplugs alone and that (2) music in which the tempo is synchronized to the gradient pulsation has better relaxation ability than music in its original tempo. A total of 60 outpatients were examined in the Diagnostic Center of Pécs, Hungary. The patients were assigned into three groups, a nonmusic (control), an original tempo (random), and a synchronized tempo (synchronous) group.
Results support the first hypothesis showing that music conditions (random and synchronous) significantly lowered the participants state anxiety level after the examination, whereas the anxiety level did not change significantly in the control group. Furthermore, both music groups found the examination significantly more pleasant than the control group (VAS scores). These results are consistent with Walworth's (2010) findings that compared the effects of live music therapy to preferred recorded music. Similarly, to that design, in this experiment, the synchronous group could listen to music in which the tempo was modified, whereas the other music group only listened to recorded music with its original tempo.
Although the STAI-State anxiety level between the music groups was not statistically significantly different at the postassessment point, the synchronous group had lower scores and evaluated the examination as more pleasant than the random group. This could suggest a trend in support of the second hypothesis. The relatively low sample size (N ϭ 60) and the manual synchronization could be the reasons for the lack of significance. The constantly changing gradient pulsation and certain sequences This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
with sustained, iterative sounds create a very challenging ambient environment for musical adaptations. Sensorimotor synchronization, as a form of entrainment between a motor and a perceptual oscillatory process, requires adaptation to tempo changes and rests on the phase and period corrections (Repp & Keller, 2004) . Phase correction is largely an automatic process that is based solely on intention; furthermore, it is inoperative in the absence of an external reference. On the other hand, period correction is an intentional cognitive process adjusting the period of an internal timekeeper and requires attention and the awareness of the tempo change as well (Repp & Keller, 2004) . As Mills, van der Steen, Schultz, and Keller (2015) conclude, individual differences in sensorimotor synchronization rest on the ability of temporal anticipation and temporal error correction (adaptation), and these processes are not independent from each other. Temporal error correction also determines the accuracy of the synchronization. Future research should therefore focus on finding solutions for automatic music synchronization in this challenging environment. The STAI-Trait anxiety and CLQ scores were not statistically significantly different between the groups. While the STAI-State anxiety measures the intensity of the present symptoms, the STAITrait anxiety is a consistent personality attribute and measures the general tendency to be anxious (Julian, 2011; Spielberger, 1983) . Therefore, the patients were not different in terms of their general tendency to feel anxiety, but there were more patients in the music conditions who felt anxiety in-the-moment than in the control group. There is no demographical deviation that could explain this difference. As Argstatter, Haberbosch, and Bolay (2006) suggested, music interventions are more efficient with patients who have higher state and trait anxiety than those with lower level of anxiety, and these findings were confirmed in the present study. Additionally, Domar et al. (2005) found that listening to a relaxation audiotape or music (classical music, jazz, or soft rock) did not cause significant differences in the subjective anxiety or pain level of mammography patients, when the mean scores of anxiety for all of the three groups (relaxation, music, and control) were low during the whole procedure. Further research could look more systematically into this difference.
The results support previous findings on the role of gender (Eshed, Althoff, Hamm, & Hermann, 2007) : female participants felt significantly more anxiety before the MRI examination; had higher postassessment STAI-State, STAI-Trait and CLQ scores; and found the experience less pleasant than males in this study. According to the American Psychiatric Association (2013), females are twice as likely to be diagnosed with anxiety disorders than males, but the occurrence is culturally affected, and in Eastern cultures, it is more common for males to seek help for anxiety symptoms than in Western countries (Barlow, 2002) . As Barlow concludes, the main reasons accounting for these gender differences are the effects of negative life events (e.g., sexual abuse) in childhood and adolescence that affects more girls than boys, and a pessimistic attributional style, that is girls may learn that their behavior has less impact on their environment compared with that of boys, causing a sense of helplessness (p. 267). Because females are more likely to feel anxiety during MRI scans, they are also more likely to experience the advantages of music in this situation.
The thematic analysis of the open-ended questions suggests that the headphones and earplugs provided protection and reduced the noise (masking) for the participants, whereas music has an adjuvant, emotional effect, causing positive change in the environment, distracting attention from the examination and relaxing patients. Roy, Peretz, and Rainville (2008) support these conclusions, but further investigation is needed to specify which one of these (masking, emotional, or distractive) is the most important effect. It should be noted that 45% of the participants (nine out of 20) refused to apply or were not eligible for using the noise-attenuating devices (headphone or earplug).
Because uncertainty is a basic aspect of anxiety, future interventions could increase the clients' sense of control by providing their preferred music. Krout (2007) emphasizes that the possibility for the client to choose between different music pieces is important to achieve better relaxation.
In conclusion, the present study provides support that listening to music during an MRI examination significantly reduces patients' anxiety, whereas (nonmusic) noise-cancellation devices (headphones and earplugs) do not provide the same effect. Future research should investigate the potential of music (genres, pitch, tempo, and length) as an inexpensive, nonpharmacological, fast, and safe way to relax patients within the MRI environment.
